ABSTRACT: Fiber digestibility is an important factor regulating DMI in ruminants. Additionally, the ensiling process can also affect digestibility and chemical composition of the forage. The objective of this study was to investigate effects of sugarcane NDF digestibility (NDFD) and conservation method on intake, rumen kinetics, and the ruminal ecosystem of steers. Eight ruminally cannulated Nellore steers (275 ± 22 kg BW) were used in a replicated 4 × 4 Latin square design with a 2 × 2 factorial arrangement of treatments. Two sugarcane genotypes divergent for stalk NDFD were used: IAC86-2480 with high NDFD and SP91-1049 with low NDFD. Experimental diets were formulated with 40% sugarcane, either freshly cut or as silage, and 60% concentrate on a DM basis. Each experimental period lasted for 14 d, with the last 4 d used for determination of intake, ruminal evacuation, and ruminal fluid collection. The effect of fiber digestibility on DM and NDF intake was dependent on the forage conservation method (P = 0.01). High NDFD increased (P < 0.01) DMI only when sugarcane was offered as silage, having no effect (P = 0.41) on DMI when offered as freshly cut. Conservation method had no effect on total ruminal mass, with only a tendency (P < 0.10) for greater NDF and indigestible NDF ruminal mass in steers fed the low-NDFD genotype. The NDF turnover and passage rates were greater (P < 0.05) for the genotype with high NDFD but only when offered as silage. Liquid turnover rate in the rumen was greater (P = 0.02) for diets containing silage, with no effect of genotype (P = 0.87). There was no effect of NDFD genotype on ruminal pH (P = 0.77); however, diets containing sugarcane as silage increased (P < 0.01) ruminal pH. Total concentration of short chain fatty acids (P = 0.05) and proportions of propionate (P = 0.01) were greater for diets containing fresh sugarcane. Diets with fresh sugarcane increased the ruminal population of Streptococcus bovis (P < 0.01) and Ruminococcus albus (P = 0.03). The relative population of R. albus was also greater (P = 0.04) for diets containing the sugarcane genotype with high NDFD. Feeding diets containing the sugarcane genotype with high NDFD increased Fibrobacter succinogenes population but only when sugarcane was fed as freshly cut (P = 0.02). Using sugarcane genotypes with high NDFD can increase intake and benefit fiber-degrading bacteria in the rumen.
INTRODUCTION
Feed intake in cattle can be limited by 2 main factors: ruminal fill and an excess of ruminal fermentation (Allen, 2000) . When forage is conserved as silage, the accumulation of fermentation end products can further limit feed intake (Huhtanen et al., 2007; Weiss et al., 2003) . Sugarcane can be an inexpensive source of nutrients during the low rainfall season; however, the main limitation of using sugarcane as the only roughage source to high-producing animals is the low fiber digestibility and the low CP concentration (Santos et al., 2011) .
Similar to corn silage, advanced maturity has little effect on DM digestibility of sugarcane, but DM digestibility is maintained by greater sugar accumulation in the stalk associated with a linear decrease in fiber digestibility (Carvalho et al., 2010) . Therefore, ensiling of sugarcane has been used as a conservation method that, apart from other advantages, can increase NDF digestibility (NDFD) by allowing harvest to be done at the beginning of the low rainfall season.
Forage breeding for high NDFD has been a target to increase nutritional quality of cattle roughage sources (Casler, 2001) . However, it is imperative to understand whether the ensiling process alters the ruminant animal response to high NDFD. Because sugarcane combines poor fiber digestibility with high levels of soluble sugars, it makes a unique model to study mechanisms of intake control in cattle. Ensiling of sugarcane not only promotes accumulation of organic acids and ethanol, but it also increases fiber content and decreases sugar content (Kung and Stanley, 1982; Daniel et al., 2013) .
The objectives of this study were to evaluate the effects of NDFD and of method of conservation of sugarcane on chemical composition, intake, ruminal kinetics, fermentation parameters, and changes in microbial population of ruminally cannulated beef steers. (FASS, 1999) , with all animal procedures approved by the University of São Paulo Animal Bioethics Committee (protocol number 3007/2013).
MATERIALS AND METHODS

All experimental procedures were in agreement with the Guide for Care and Use of Agricultural Animals in Agricultural Research and Teaching
Sugarcane Genotypes
Nine sugarcane (Saccharum officinarum L.) genotypes were evaluated for variability in fiber digestibility in a previous study (Carvalho et al., 2010) . From this initial screening, 2 sugarcane genotypes (IAC86-2480 and IACSP93-3046) with high in vitro NDFD were selected and planted together with 2 other genotypes with low in vitro NDFD (SP91-1049 and IAC 91-2195) in December of 2010. An area of 4 ha at the University of São Paulo Beef Cattle Research Laboratory (Pirassununga, SP, Brazil) was prepared for this experiment. Three months before planting the 4 genotypes, the soil was plowed and harrowed and limestone was applied at 1.5 t/ha to achieve 70% of base saturation. After liming, the soil was harrowed again to incorporate the limestone. The area was divided in four 1-ha plots and the sugarcane genotypes were randomly allocated to each plot. The genotypes were planted into 1.0 m spaced trenches and received fertilization with 30, 150, and 150 kg/ha of N, P 2 O 5 , and K 2 O, respectively. The 4 genotypes were planted during the same week and managed similarly until time of harvest.
Twelve months after planting, monthly monitoring of the plots began to determine in vitro NDFD and to select the most divergent genotypes for the study. For this monitoring, three 5-by-5-m plots were marked within each genotype, and 10 sugarcane plants were taken randomly from each plot, ground to a consistent particle size, and subsampled for NDFD and apparent sucrose determination. Apparent sucrose was determined by polarimetric determination after juice extraction of 500-g samples crushed in a hydraulic press. Two genotypes most divergent for NDFD were selected for this study: IAC86-2480, with high NDFD, and SP91-1049, with low NDFD.
Silage Confection
When both genotypes had a minimum of 18% of apparent sucrose, they were partially collected (half the area) on June 20 of 2011, with a silage harvester (Menta Super; Menta Mit, Cajuru, SP, Brazil) adjusted for 10 to 20 mm forage particle length. In sugarcane, 4 distinct growth stages (i.e., germination, tillering, grand growth, and maturity) have been characterized (Lingle, 1999) . Most commercial varieties of sugarcane flower only at low latitudes and with specific photoperiods, remaining at the vegetative stage during maturity. Therefore, maturation of sugarcane has been defined as the accumulation of sucrose, and sugarcane is usually considered mature and fit for harvest when it has attained a minimum of 16% apparent sucrose in the juice (Lingle, 1999) .
During filling and packing of 200-L plastic silage containers, forage mass was treated with a commercial microbial inoculant containing Lactobacillus buchneri (LalSil Cana, Lallemand, Brazil) , at a dose of 2 g of inoculant per metric ton of silage mass. The microbial inoculant was used to reduce alcoholic fermentation (Pedroso et al., 2008) . After packing, plastic containers were sealed with plastic sheath and lid with metallic braces. Silages were kept closed for 30 d before opening.
The remaining half of the plots with the 2 sugarcane genotypes selected for this study was reserved for the treatments with freshly cut sugarcane. The total period of the experiment, and therefore of the daily harvesting of the remaining sugarcane, went from July 21 to September 14 of 2011. Because sugarcane was harvested for silage on June 20 and fresh sugarcane was being cut daily until the end of the experiment on September 14, sugarcane offered as freshly cut was also more mature than sugarcane offered as silage. Both sugarcane genotypes did not flower during the course of this experiment, and maturity was monitored by chemical composition and fiber digestibility.
Animals and Diets
Eight ruminal-cannulated Nellore steers (275 ± 22 kg of BW and 18 mo of age) were used in this study in a 4 × 4 replicated Latin square design. The steers were kept in tie stalls with concrete floors, individual feeders, and water bunks. Stalls and bunks were cleaned daily.
For better adaptation to the stalls, steers were placed into the stalls 30 d before the beginning of the experiment, during which time they were fed a sugarcane-based diet.
Diets were fed at 0700 and 1300 h daily and to ensure ad libitum intake, between 5 and 10% orts were allowed. Experimental diets were formulated with 40% sugarcane, either freshly cut or as silage, and 60% concentrate on a DM basis (Table 1) . Two genotypes with high or low NDFD were used, making up 4 experimental diets in a 2 × 2 factorial arrangement of treatments (2 genotypes and 2 modes of conservation). Diets were formulated according to the NRC (2000) to provide BW gains of 1.2 kg/d. The concentrate was composed of ground corn, soybean meal, urea, and a commercial mineral supplement. Each experimental period lasted for 14 d, with the last 4 d used for determination of DMI and NDF intake (NDFI), ruminal evacuation, and ruminal fluid collection. Steers were weighed weekly for 2 consecutive days, without water or feed restriction.
The length of time required for adaptation of the ruminal microbe population depends on the degree of dietary change. Using digestibility as a relative indicator of ruminal microbial activity, Potter and Dehority (1973) Other in vivo studies have suggested that 14 d would be an appropriate length for ruminal microbes to adapt to a dietary change (Guedes et al., 2008; Marden et al., 2008) .
Diet Sampling, In Vitro Digestibility, and Chemical Composition
Total diet, each roughage source, concentrate mix, and orts from each stall were sampled on Days 10, 11, and 12 of each experimental period. Samples from the 3 d were combined in equal amounts, mixed, and subsampled for determination of chemical composition. The pooled samples were dried in a forced-ventilation oven at 55°C for 72 h and ground at a Willey mill (Tecnal, Piracicaba, Brazil) to pass a 1-mm screen.
In vitro DM digestibility (DMD) and NDFD were determined on composited roughage samples. Samples (0.25 g) were digested for 48 h in triplicates in F-57 bags with a DaisyII incubator (ANKOM Technology Corp., Fairpoint, NY). Ruminal fluid was collected from a ruminal cannulated crossbred cow fed a diet with 50% fresh sugarcane and 50% a concentrate mix based on corn, soybean meal, and mineral supplement. After collection, ruminal fluid was combined with in vitro buffer as in Holden (1999) .
Total DM and ash were analyzed according to AOAC (2000) methods 930.15 and 942.05, respectively. Concentration of CP was determined by combustion (Leco protein/N analyzer, Leco Corp., St. Joseph, MI) , and concentration of NDF was determined using the method described by Van Soest et al. (1991) using 8 M urea and heat stable α-amylase (Sigma A3306; Sigma Chemical Co., St. Louis, MO) in an ANKOM A200 Fiber Analyzer (ANKOM Technology Corp.). Acid detergent lignin and ADF were analyzed according to Van Soest and Robertson (1985) . Indigestible NDF (iNDF) was determined by the NDF content in samples after 288 h of in situ incubation, as described by Rinne et al. (2002) . 
Ruminal Kinetics
Total ruminal contents were manually evacuated through the ruminal cannula at 0900 h (2 h postfeeding) on d 12 of each period and at 0500 h (2 h before feeding) on d 13 of each period (Dado and Allen, 1995) . Total rumen content mass was weighed and volume was determined using graduated plastic containers. To aid in proper subsampling, 10% of the total rumen contents were squeezed by hand through a nylon screen to separate into solid and liquid phases. Samples were taken from both phases for determination of nutrient pool size. The NDF ruminal kinetics was calculated based on iNDF rumen pool size (Dado and Allen, 1995) . The NDF turnover rate was defined as NDFI divided by total mass of ruminal NDF, and the NDF passage rate (k p ) was calculated by dividing iNDF intake by the total mass of ruminal iNDF.
Ruminal liquid volume and liquid turnover rates were measured by using polyethylene glycol-4000 (PEG) as a marker. On d 14 of each period, 100 mL of a 10% PEG (Synth, São Paulo, Brazil) solution was infused at 0700 h in the rumen and manually mixed with the ruminal contents. Samples of ruminal contents were obtained at 0, 1, 3, 6, 9, 12, and 24 h after PEG infusion. The sample at time 0 was collected before PEG infusion. Ruminal samples were collected from the dorsal, ventral, and anterior sac of the rumen using a vacuum pump. The concentration of PEG was determined by the turbidimetric method of Hyden (1956) . The natural logarithm of PEG concentrations was regressed with time to calculate fluid dilution rate (%/h), and ruminal liquid volume was calculated from the antilogarithm of the intercept.
Ruminal Fermentation
On d 14 of each period, ruminal fluid samples were collected at 6 times: 0, 1, 3, 6, 9, and 12 h after feeding. At each time point, samples were taken from cranial, ventral, and caudal areas of the rumen. After mixing, ruminal fluid samples were filtered through a 1-mm nylon mesh (Albercan Group, Itajubá, Brazil) and 100 mL of ruminal fluid was divided into two 50-mL aliquots, one for measuring ruminal pH and another for analysis of short chain fatty acids (SCFA) and ammonia. Ruminal fluid pH was immediately measured using a portable pH meter (Tec-3MP, Tecnal, Brazil) calibrated with pH 4.0 and 7.0 buffer solutions (Fisher Scientific, Fairlawn, NJ). After centrifuging the remaining 50 mL of ruminal fluid at 6,500 × g at 25°C for 15 min, a 2-mL subsample of the supernatant was taken, mixed with 0.4 mL of formic acid, and stored at -20°C for SCFA determination. One milliliter of 1 N sulfuric acid was added to another 2 mL of the supernatant and stored at -20°C for ammonia-N determination by the phenol-hypochlorite method (Broderick and KangMeznarich, 1980 ).
Ruminal fluid concentration of SCFA was measured by gas chromatography with a capillary column (Stabilwax; Restek, Bellefonte, PA) using the method described by Erwin et al. (1961) and adapted by Getachew et al. (2002) . Frozen acidified ruminal fluid samples were thawed at room temperature and centrifuged at 14,500 × g at 4°C for 10 min. Supernatant (1 mL) was transferred into a clean dry vial with 100 μL of internal standard (2-ethylbutyric acid 100 mM; Chem Service, West Chester, PA) and capped. Concentrations of SCFA were determined using a gas chromatography (GC-2014; Shimadzu, Kyoto, Japan), with split injector and dual flame ionization detector temperatures at 250°C and column temperature at 145°C. External standard was prepared with acetic, propionic, isobutyric, butyric, isovaleric, and valeric acids (Chem Service). The software GCSolution (Shimadzu) was used for separation and integration of chromatographic peaks and for calculation of SCFA concentrations.
Ruminal Bacterial Populations
Two ruminal bacteria important for fiber degradation (Fibrobacter succinogenes and Ruminococcus albus) and 1 ruminal bacteria important for starch digestion and lactic acid production (Streptococcus bovis) had their population quantified by quantitative PCR for determining the effect of diets on ruminal population. During evacuation of the ruminal contents 2 h after feeding, a sample of approximately 600 mL, proportionally representing the liquid and solid phases of the ruminal content, was collected and brought to the laboratory. For each sample, 25 mL of fluid and 25 g of solids were used for processing, as described by Stevenson and Weimer (2007) , and the resulting bacteria pellet was dissolved in 700 μL of buffer (100 mM Tris/HCl, 10 mM EDTA, and 0.15 M NaCl, pH 8.0) and stored at -80°C until DNA extraction.
For each ruminal sample, 200 μL was submitted to DNA extraction with QIAamp DNA Stool Mini Kit (Qiagen, Valencia, CA) and used according to the manufacturer's instructions. Briefly, ruminal samples were homogenized in ASL buffer (Qiagen) and heated at 95°C for 5 min to lyse bacterial cells. After removal of potential inhibitors by incubation with an InhibitEx tablet (Qiagen), the lysates were treated with proteinase K (Qiagen) and AL buffer (Qiagen) at 70°C for 10 min to remove protein and polysaccharides. The DNA was precipitated by ethanol, applied to a column provided in the kit followed by washes with AW1 and AW2 buffers (Qiagen), and then dissolved in AE buffer (Qiagen) and followed with ethanol precipitation, as described by Sambrook and Russell (2001) .
Individual real-time PCR reactions were performed in 48-well plates on a StepOne Real Time PCR System containing 10 μL of 2x SYBR Green Master Mix (Life Technologies, Foster City, CA), 0.30 μM concentration of each primer (Table 2) , and 1 μL of DNA template in a final volume of 20 μL per reaction. A universal primer was used for quantification of total bacteria (Table 2) , to standardize the amount of DNA added to the reactions. The PCR reactions of all bacteria were run in duplicate. The PCR amplification protocol was as follows: an initial denaturation step at 95°C for 10 min, then 44 cycles of heating and cooling at 95°C for 15 s and 60°C for 30 s, and extension at 72°C for 30 s. Melting curves were analyzed at the end of the reactions to verify the specificity of each amplification.
Statistical Analysis
Intake, ruminal bacteria population, and ruminal kinetics data were analyzed as a replicated 4 × 4 Latin square design, with a 2 × 2 factorial arrangement of treatments using the MIXED procedure of SAS version 9.2 (SAS Inst. Inc., Cary, NC). The model included the fixed effects of sugarcane genotype (GEN), conservation method (CONS), and their interaction and the random effects of square, animal within square, and periods. For analysis of ruminal pH and SCFA, time of sample collection (TIME; repeated measure) and time ×treatments interactions were included as fixed effects in the model. The degrees of freedom and the tests were adjusted using the Kenward-Roger option. Treatment means were compared with the least significant difference and significance declared at the 0.05% probability level. When significance of the interaction between the main effects was ≤0.10, the interaction was decomposed and the treatments effects were analyzed by using the SLICE option of PROC MIXED.
RESULTS
Roughages and Diets Characteristics
The mean chemical composition of the 4 sugarcane roughage sources used in this study is presented in Table 3 . There was no effect (P > 0.05) of GEN × CONS interaction for any parameter. The sugarcane genotype IAC86-2480 was confirmed as having 20.5% greater NDFD (P < 0.01) than the genotype SP91-1049 (38.5 vs. 32.0 ± 1.1%; Table 3 ). The variation in chemical composition and digestibility of the freshly cut sugarcane throughout the course of the experiment is presented in Table 4 . Apparently, advance in maturity reduced NDFD and increased ADL content. However, this experiment was not designed to evaluate the effect of maturity on chemical composition of sugarcane. Therefore, caution should be applied when interpreting the effect of maturity on chemical composition and digestibility of the freshly cut sugarcane.
Besides greater NDFD, the IAC86-2480 GEN also had greater DMD and ash content (P < 0.01; Table 3 ). The genotype with smaller NDFD had greater DM, ether extract (EE), iNDF (P < 0.01), and ADL (P = 0.03) content (Table 3) . Regarding the conservation method, fresh sugarcane had greater DM, nonstructural carbohydrate (NSC), and DMD (P < 0.01) than sugarcane conserved as silage (Table 3) . There was no effect of conservation method on NDFD of sugarcane (P = 0.24; Table  3 ). Sugarcane silage had greater ash (P = 0.01), CP, EE, NDF, ADF, ADL, and iNDF contents (P < 0.01) than fresh sugarcane (Table 3) .
The average chemical composition of each of the experimental diets is presented in Table 5 . There was no GEN × CONS interaction for any of the analyzed parameters (P > 0.05; Table 5 ). For the genotype effect, diets with the high-NDFD sugarcane genotype had greater ash and CP content (P < 0.01; Table 5 ) than diets with the low-NDFD genotype. Diets with low NDFD were greater in DM, ADF, ADL, iNDF (P < 0.01), and EE (P = 0.05) than diets with high NDFD (Table 5 ). For the conservation method, diets based on fresh sugarcane had greater DM and NSC contents (P < 0.01) than diets based on sugarcane silage (Table 5) . Diets based on sugarcane silage had greater (P < 0.05) ash, CP, EE, NDF, ADF, ADL, and iNDF contents than diets with fresh sugarcane (Table 5) .
Feed Intake and Ruminal Kinetics
The effect of fiber digestibility on DMI and NDFI of diets containing 40% sugarcane (DM basis) was dependent on the forage conservation method, as there was significant GEN × CONS interaction (P = 0.01; Table 6 ). When sugarcane was offered as silage, using the genotype with high NDFD resulted in greater (P < 0.05) DMI and NDFI of the diets, calculated as kilograms per day or as percentage of BW (Table 6 ). However, there was no effect of fiber digestibility on DMI and NDFI of diets containing 40% sugarcane when sugarcane was offered as freshly cut (Table 6) .
When evaluating the amount of ruminal contents, there was no effect (P > 0.10) of conservation method on the ruminal mass of OM, DM, NDF, and iNDF. Nonetheless, there was a tendency for greater NDF (P = 0.06) and iNDF (P = 0.09) amounts in the rumen when steers were fed diets with the low-NDFD genotype (Table 7) . However, there was an effect of treatments on the ruminal kinetics of NDF. There was a significant GEN × CONS interaction for NDF turnover rate, with greater NDF turnover rate for the diets containing the genotype with high NDFD but only when offered as silage (P = 0.03; Table 7 ). When considering only the ruminal turnover rate of digestible NDF (dNDF), there was no interaction, and diets with the genotype with high NDFD had faster (P = 0.01) dNDF turnover rate in the rumen (4.4 vs. 3.5 ± 0.3%/h; Table 7 ). Conservation method also affected turnover rate of dNDF, with faster (P < 0.01) dNDF turnover rate for diets containing 40% sugarcane silage as compared with fresh sugarcane (4.5 vs. 3.4 ± 0.3%/h; Table 7 ).
There was a significant GEN × CONS interaction for k p (P < 0.01; Table 7 ), where diets with the genotype with high NDFD increased k p but only when sugarcane was offered as silage (P < 0.01; Table 7 ) and not when offered as fresh sugarcane (P = 0.60; Table 7 ). There was no effect of treatments on the total volume of liquids in the rumen, as estimated by PEG dilution (Table 8 ). The method of sugarcane conservation altered liquid turnover rate in the rumen, with no effect of genotype (P = 0.87). Liquid turnover rate in the rumen, expressed as either percent per hour or liters per day, was greater (P < 0.05) for diets containing sugarcane silage than for diets containing fresh sugarcane (8.1 vs. 6.9 ± 1.2%/h and 42 vs. 34 ± 6 L/d; Table 7 ). 3 In vitro DMD after 48-h incubation. 4 In vitro NDFD after 48-h incubation.
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Ruminal pH, Ammonia, and Short Chain Fatty Acids
There was no effect of sugarcane genotype on ruminal pH (P = 0.77; Table 9 ). However, there was an effect of conservation method, as feeding diets with sugarcane as silage increased (P < 0.01) ruminal pH compared with feeding diets with fresh sugarcane (6.69 vs. 6.37 ± 0.08; Table 9 ). Ruminal pH was reduced throughout the day, with no TIME × CONS interaction (P = 0.23; Fig. 1 ).
Feeding diets with sugarcane with high NDFD reduced (P = 0.05) ruminal ammonia content (12.5 vs. 9.9 ± 1.7 mg/dL; Table 9 ). Ruminal ammonia was affected by time, and the TIME × CONS interaction was significant (P = 0.05). Ruminal ammonia concentration after 12 h of feeding was greater for diets based on fresh sugarcane than for diets based on sugarcane silage (P = 0.02; Fig. 2 ).
There was no GEN (P = 0.91) or GEN × CONS effect (P = 0.09) on the total concentration of SCFA in the rumen (Table 9 ). Total concentration of SCFA was greater (P = 0.05) for diets with fresh sugarcane compared with sugarcane silage (114 vs. 99 ± 12 mM; Table 9 ). Diets with sugarcane conserved as silage resulted in greater (P = 0.01) acetate proportion in the rumen when compared with fresh sugarcane (58.7 vs. 55.8 ± 1.6% of total SCFA; Table 9 ). Proportion of propionate was also effect by conservation method, with greater proportion for diets with fresh sugarcane than for diets with sugarcane silage (24.2 vs. 20.6 ± 1.6% of total SCFA; Table 9 ). Therefore, the acetate:propionate (A:P) ratio was greater (P = 0.04) for diets with sugarcane silage than for diets with fresh sugarcane (2.95 vs. 2.45 ± 0.22; Table 9 ). There was no effect (P > 0.50) of treatments on the molar proportion of butyrate in the rumen (Table 9) . When analyzing the effect of treatments on molar proportions of SCFA throughout the day, there was a TIME × CONS interaction for proportion of propionate (P < 0.01), with difference between conservation methods only for the first 4 collection times after feeding, when proportion of propionate was greater for diets containing fresh sugarcane than for diets containing sugarcane silage (Fig. 3) . The same was true for the A:P ratio, with TIME × CONS interaction (P = 0.03) and greater A:P ratio in the rumen for diets with sugarcane conserved as silage up to 6 h after feeding (Fig. 4) .
Ruminal Bacteria Population
Forage conservation method altered the relative population of the amylolytic species S. bovis, with greater (P < 0.01) S. bovis population for diets with fresh sugarcane compared with diets with sugarcane silage (1.14 vs. 0.10 ± 0.12; Table 10 ). There was no effect 4 Gen = effect of genotype; Cons = effect of conservation method. of genotype on S. bovis population (P = 0.6). For the fibrolytic bacteria R. albus, both genotype and conservation method altered its relative population (Table 10 ).
Relative population of R. albus was greater for diets containing the genotype with high NDFD (2.5 vs. 0.6 ± 0.2; Table 10 ), and diets with fresh sugarcane had greater R. albus population than diets with sugarcane silage (2.67 vs. 0.45 ± 0.21; Table 10 ). For the relative population of F. succinogenes, there was interaction between GEN and CONS (P = 0.02). Feeding diets containing a sugarcane genotype with high NDFD increased F. succinogenes population but only when fed as fresh sugarcane and not as silage (Table 10) .
DISCUSSION
Intake
We hypothesized that using a sugarcane genotype with high NDFD would increase DM intake, and because of accumulation of fermentation acids in the sugarcane silage and the greater NDF content of the diet when sugarcane was included as silage, intake would be greater when sugarcane was included in the diet as freshly cut as opposed to when it was included as silage (Huhtanen et al., 2007) . We also hypothesized that because of the excess of fermentation acids, the effect of high NDFD on intake would not occur when sugarcane was offered as silage. The results corroborated with the first hypothesis, because high NDFD increased intake. However, intake was greater when sugarcane was offered as silage, and the effect of the genotype with high NDFD was significant only in the silage diets, refuting our second hypothesis. Nonetheless, it is imperative to note that while sugarcane was harvested for silage on July 20, fresh sugarcane was still being cut until the end of the experiment on September 14. Therefore, the lower intake of diets containing fresh sugarcane could be the result of greater maturity rather than the mode of conservation per se. This difference in maturity reflects what would happen on farm when choosing to conserve sugarcane as silage as opposed to cutting it daily. Advances in maturity usually results in greater sugar accumulation and lower fiber digestibility of sugarcane (Kung and Stanley, 1982; Carvalho et al., 2010) . Physical fill is an important regulator of intake in cattle (Mertens, 1987) , and intake is usually limited by physical fill of the rumen only when using forages with low NDFD and not when using forages with high NDFD (Rinne et al., 2002) . Because of the fermentation of NSC during the ensiling of sugarcane, the NDF content of the roughage was increased, resulting in a 12.9% increase in total NDF content. Therefore, physical fill could explain why the effect of high NDFD was significant in the silage diets and not significant in the fresh sugarcane diets, with greater DMI and NDFI when using the genotype with high NDFD. When feeding dairy cows grass silages with increasing levels of NDFD, Rinne et al. (2002) observed greater intake of grass silage as NDFD of the forage increased. Similarly, Huhtanen and Jaakkola (1994) reported increase in DMI of 0.15 kg/d for each 10 g/kg of increase in NDFD in forage silages.
Besides ruminal fill, intake is also limited by excess fermentation in the rumen, known as metabolic satiety (Illius and Jessop, 1996) . One accepted theory is that excess ruminal fermentation would lead to excess of hepatic oxidation of propionic acid, and the accumulation of hepatic ATP would thus lead to reduced feed intake (Allen et al., 2009) . Diets based on freshly cut sugarcane had greater NSC content than silage-based diets (57.5 vs. 53.1% of DM), which could explain the absence of an effect of sugarcane genotype on intake in these diets. It has been demonstrated in growing beef steers and in lactating dairy cows that increasing ruminal starch digestibility by 10% can lead to excess ruminal fermentation and reduced DMI (Oba and Allen, 2003; Bengochea et al., 2005) . A 10% increase in starch digestibility in a 30% total starch diet (DM basis) represents an increase of 3 percentage units in the total fermentable sugars of the diet. Therefore, it seems reasonable to assume that intake could be limited by excess ruminal fermentation, and not by physical fill, when animals were fed freshly cut sugarcane. 4 Gen = effect of genotype; Cons = effect of conservation method.
5 SCFA = short chain fatty acids.
6 A:P = acetate:propionate. Previous studies have demonstrated similar results of NDF content and NDFD on intake (Mertens, 1987; Forbes and Provenza, 2000; Rinne et al., 2002; Tjardes et al., 2002) . However, this is the first study, to our knowledge, to directly demonstrate the impact of increasing fiber digestibility of sugarcane silage on intake. These results highlight the importance of forage breeding programs aimed to improve fiber digestibility, even when fed as silage and in a diet with 60% concentrate.
Ruminal Content and Kinetics
When intake is limited by ruminal fill, there usually is an increase in total ruminal content mass. The accumulation of iNDF in the rumen has been observed as NDFD decreases, and it has been used as an indicator of ruminal fill (Aitchison et al., 1986; Rinne et al., 1997 Rinne et al., , 2002 . In the present study, there was only a tendency for greater NDF and iNDF amounts in the rumen when steers were fed with the low-NDFD genotype. Studies with dairy cows in early lactation have shown that increasing total NDF of the diet resulted in greater ruminal NDF mass (Johnson and Combs, 1992; Dado and Allen, 1995) . However, when working with growing beef steers, Tjardes et al. (2002) reported no alteration in ruminal mass with different NDF content of the diets.
When animals are fed forage sources with greater NDFD, there usually is an increase in NDF turnover and passage rate, which could lead to greater DM intake (Woodford et al., 1986; Johnson and Combs, 1991; Dado and Allen, 1995) . Although there was only a tendency of an effect of lower NDF amount on total rumen mass when steers were fed the genotype with high NDFD, lower dietary NDF did increase ruminal NDF turnover rate but only when sugarcane was offered as silage. A greater ruminal turnover rate of fiber and liquid, therefore reducing the fill effect, could explain the observed increase in intake. Similarly, k p as well as the liquid turnover rate was greater for diets with the high-NDFD genotype but only when offered as silage.
It is important to observe that because of the method used to estimate k p (rumen evacuation), it is not possible to completely separate passage rate from digestion rate, because greater digestion rate could lead to greater passage rate of forage particles, which is likely the case in the present study.
Ruminal Fermentation
Greater NSC content in the diet, whether associated with greater NDF or not, usually results in greater total ruminal SCFA concentrations and molar proportion of propionate while reducing ruminal pH (Tjardes et al., 2002; Mertens, 1992) . When steers were fed with sugarcane silage, with lesser NSC content and slightly greater NDF, ruminal pH and the molar proportion of acetate were increased. Increasing the NDF content and reducing NDFD in the silage by delaying harvest also resulted in higher pH and acetate proportion in the rumen of dairy cows (Rinne et al., 2002) . In the present study, feeding diets containing 40% fresh sugarcane (DM basis) led to lower ruminal pH and higher SCFA concentration than diets with 40% sugarcane silage, which corroborates the hypothesis that DMI was limited by excess ruminal fermentation in these diets, despite the low fiber digestibility of sugarcane.
Ruminal ammonia concentration is important for microbial protein synthesis, and a concentration of 5 mg/dL has been described as the minimum required for optimizing digestion of feedstuffs (Christensen et al., 1993; NRC, 2000) . In the present study, diets containing the sugarcane genotype with high NDFD resulted in lower ruminal ammonia concentration, and this ef- fect was not time dependent. Probably, the faster rate of fiber digestion improved microbial growth and use of ruminal ammonia in these diets, indicating that more ruminal ammonia was incorporated into microbial protein, improving ruminal ammonia utilization (Oba and Allen, 2000; Ramirez et al., 2012) . Ruminal ammonia was also affected by the conservation method; however, this effect was time dependent. The decomposition of the interaction shows that ruminal ammonia was lower when steers were fed sugarcane silage as opposed to freshly cut sugarcane but only at 12 h after feeding.
Ruminal Bacteria Population
Changes in the diet, such as the amount of fiber, sugar, or RDP, can affect the ruminal ecosystem and the efficiency of ruminal fermentation (Griswold et al., 2003; Khafipour et al., 2009) . Diets rich in NSC and with low levels of fiber promote growth of amylolytic bacteria in the rumen. In the present study, S. bovis was used as a bacteria species representing the amylolytic population in the rumen. Relative population of S. bovis was increased when sugarcane was offered fresh as opposed to sugarcane silage. This effect was likely due to the greater NSC content in the diet. Rapid growth of S. bovis because of fast rate of NSC fermentation in the rumen was observed when steers were submitted to temporary lactic acidosis and not when adapted to diets rich in NSC (Nagaraja and Titgemeyer, 2007) . Animals fed fresh sugarcane also had lower ruminal pH throughout the day, which favors growth of S. bovis (Russell and Hino, 1985; Garner et al., 2002) .
The fiber-digesting bacteria were represented in this study by the species R. albus and F. succinogenes, and both populations were increased when steers received the sugarcane genotype with high NDFD. For R. albus, this effect was independent of the method of conservation (fresh or silage), and for F. succinogenes, the increase in population with the high-NDFD genotype occurred only when sugarcane was offered fresh. Working with brown midrib corn silage, Ramirez et al. (2012) reported a tendency to increase the ruminal population of Fibrobacter spp. when dairy cows were fed the silage with greater NDFD. We are not aware of any other study reporting an increase in ruminal cellulolytic bacteria population when feeding forage with greater NDFD, as in the present study.
Growth of cellulolytic bacteria is favored by greater concentration of forage NDF in the diet and by greater ruminal pH (Koike and Kobayashi, 2001; Fernando et al., 2010) . Several studies have demonstrated that a ruminal pH above 6.2 is required for optimum growth of fibrolytic bacteria (Russell and Dombrowski, 1980; Shi and Weimer, 1992; Weimer, 1993) . During the adaptation period to high-grain diets, the population of R. albus and F. succinogenes can be reduced by 40-fold in comparison to diets with greater levels of roughage (Fernando et al., 2010) . In the present study, ruminal pH was above 6.2 throughout the day for sugarcane silage diets and was below 6.2 only at 9 and 12 h after feeding for fresh sugarcane diets, suggesting that pH was likely not limiting for optimal growth of fibrolytic bacteria.
In conclusion, sugarcane with high NDFD increased DMI and NDFI but only when given as silage; therefore, the effect of genotype was not masked by the accumulation of fermentation acids in the silage. The greater intake was associated with faster k p and liquid turnover rate in the rumen. Using a sugarcane genotype with high NDFD also increased the relative ruminal population of the cellulolytic bacteria R. albus and F. succinogenes. When sugarcane was offered as freshly cut, intake was likely limited by excess fermentation of sugars in the rumen leading to lower ruminal pH, greater SCFA concentrations, and greater S. bovis population in the rumen. 
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